Objective: To evaluate musculoskeletal involvement in paracoccidioidomycosis at computed tomography. Materials and Methods: Development of a retrospective study based on a review of radiologic and pathologic reports in the institution database. Patients with histopathologically confirmed musculoskeletal paracoccidioidomycosis and submitted to computed tomography were included in the present study. The imaging findings were consensually described by two radiologists. In order to avoid bias in the analysis, one patient with uncountable bone lesions was excluded from the study. Results: A total of seven patients were included in the present study. A total of 18 bone lesions were counted. The study group consisted of 7 patients. A total number of 18 bone lesions were counted. Osteoarticular lesions were the first manifestation of the disease in four patients (57.14%). Bone lesions were multiple in 42.85% of patients. Appendicular and axial skeleton were affected in 85.71% and 42.85% of cases, respectively. Bone involvement was characterized by well-demarcated osteolytic lesions. Marginal osteosclerosis was identified in 72.22% of the lesions, while lamellar periosteal reaction and soft tissue component were present in 5.55% of them. One patient showed multiple small lesions with bone sequestra. Conclusion: Paracoccidioidomycosis can be included in the differential diagnosis of either single or multiple osteolytic lesions in young patients even in the absence of a previous diagnosis of pulmonary or visceral paracoccidioidomycosis Keywords: Paracoccidioidomycosis; Osteoarticular; Musculoskeletal; Osteomyelitis; Computed tomography.
INTRODUCTION
Paracoccidioidomycosis (PCM) is a systemic mycosis caused the dimorphic fungus Paracoccidioides brasiliensis found in the ground of Latin American countries, particularly in Brazil, Colombia and Venezuela (1) (2) (3) (4) (5) (6) (7) . About 80% of cases occur in Brazil, principally in rural zones of the Southern, Southeastern and Central-western regions where the disease is endemic (4, 6, 8) , but nevertheless no accurate epidemiological data about PCM in Brazil are available, since the disease notification is not compulsory in the country (9) . P. brasiliensis infection is acquired by fungal microconidia inhalation (10) . The infectious form of the disease affects the inferior airways, resulting in the development of a primary pulmonary complex (2, 7, 9, 11, 12) . In this phase, lymphohematogenous dissemination of the agent may occur towards other organs and systems, depending on some factors such as number of inoculates, fungus pathogenicity and virulence, as well as integrity of the immunological system and possible genetic factors (2) . Most of times, the primary infection recedes spontaneously, and pulmonary and/or fibrotic lymphatic lesions where the fungus may remain for many years in latent state (9, 12) . Some infected individuals, particularly children and adolescents of both genders equally, progress to an acute/subacute presentation (juvenile type) of the disease (1, 2) . Such clinical presentation has a more rapid progression characterized by involvement of the lungs and other tissues such as the skin and mucosas. On the other hand, the chronic presentation (adult type) is related to latent P. brasiliensis foci reactivation or a new exposure to the fungus, representing most of cases of the disease (approximately 90%). Such a presentation predominates in male, adult individuals aged between 30 and 60 (1, 2, 10) , with an insidious course characterized by involvement of the lungs and other tissues such as the skin and mucosas.
Because of the rarity of bone and joints involvement by PCM, there are few publications on the subject, most of them corresponding to case reports (5) (6) (7) (13) (14) (15) (16) . The authors have not found in the literature any article approaching computed tomography imaging findings of the musculoskeletal involvement in PCM.
The present study is aimed at identifying the characteristics of osteoarticular involvement by the disease at CT images by analyzing a series of cases of musculoskeletal involvement by PCM, with histopathological confirmation and literature review.
MATERIALS AND METHODS
Retrospective study previously approved by the Committee for Ethics in Research with Humans of the Institution. In a review of radiology and pathology reports in the databank at the authors' institution, seven cases of patients with histologically confirmed diagnosis of osteoarticular lesions from PCM were found.
The inclusion criteria were the following: a) PCM diagnosis confirmation by a combination of serological (counterimmunoelectrophoresis) and histopathological tests of bone or joints tissues collected by percutaneous biopsy; b) availability of CT images showing evidence of osteoarticular involvement by the fungus.
Clinical data were obtained by means of the medical records review and included the following information: patients' sex, age, clinical classification of PCM, osteoarticular symptoms, as well as presence of involvement of other organs/systems by the disease.
The CT images were retrospectively analyzed by two radiologists of the institution, one of them a senior specialist in musculoskeletal radiology with more than 15 years of subspecialty.
RESULTS
The present series included seven patients (Table 1) , 71.42% men (n = 5) and 28.57% women (n = 2). The patients' age ranged from 10 to 33 years, mean 18.42 years (standard deviation = 7.65). The disease was classified as acute/subacute in six individuals, while only one case was clinically classified as chronic presentation of PCM.
In 57.14% of the patients there was isolated involvement of the musculoskeletal system (n = 4). In all the cases included in the study, the bone tissue was compromised by the disease. Joint alterations (either primary or secondary) were observed in 42.85% of the patients (n = 3). Osteoarticular symptoms were reported by the majority of individuals (85.71%; n = 6). Detected bone abnormalities were single in 57.14% of cases (n = 4) and multiple in 42.85% (n = 3). The appendicular skeleton was affected in 85.71% of the patients (n = 6), while the axial skeleton was affected in 42.85% deles (n = 3). There was only one case where the lesions were restricted to the axial skeleton.
A total of 18 bone lesions were studies as regards their characteristics. The bone involvement was characterized by well defined osteolytic lesions with a narrow transition zone ranging between few millimeters to few centimeters, and in 42.85% of the patients (n = 3) the authors observed the presence of fine perilesional reactional osteosclerosis representing 72.22% (13/18) of the bone lesions. Lamellar periosteal reaction and soft parts components were found in 11.11% (2/18) and 5.55% (1/18) of the studied lesions, respectively. A single patient had multiple lesions with bone sequestrum. The patient 7 on Table 1 presented with acute disease with systemic PCM dissemination and multiple bone lesions. The number of bone lesions was very high, making the abnormalities counting difficult, thus their specific characteristics could not be evaluated.
DISCUSSION
Osteoarticular involvement in PCM is exceptionally found (3, (13) (14) (15) (16) (17) , affecting between 0.01% and 0.04% of the patients (3, 15) . According to the literature (5, 6, (17) (18) (19) , it is most commonly found in the disseminated forms of PCM (acute/ subacute or chronic), affecting up to 20% of patients. Almost all cases in the present series demonstrated bone involvement in the acute/subacute form of the disease, with predominance in young, male individuals. While the disseminated form of PCM represented 42.85% of cases, osteoarticular involvement was the single manifestation of the disease in 57.14% of cases.
Most studies in the literature approaching radiological evaluation of PCM have utilized radiography as primary method in the evaluation of osteoarticular lesions (17) (18) (19) . Pereira et al. (20) have submitted 14 children with the infection to plain radiography and bone scintigraphy. Three patients had bone lesions identified only by the nuclear medicine examination, possibly representing findings of paracoccidioidomycosis. Thus, such authors have raised the hypothesis of the prevalence of bone lesions in PCM being higher than generally identified, considering that in the clinical routine only symptomatic cases are taken into consideration.
In most cases, and similarly to other infections, fungi remain arrested at vascular networks in bone tissues (7) . Bone involvement by contiguity with cutaneous/mucosal lesions is less frequent (18, 19) . It is known that, virtually, any bone, either in the axial or appendicular skeleton, might be affect by the disease; and the literature reports a higher prevalence of lesions in the thoracic segment and in the shoulder girdle, including the sternum, clavicles, scapulas and ribs (5,18,19,21,22) . In long bones, metaphyseal and epiphyseal regions are the most affected sites (7, 17) , presumably because the greater local vascularization, with possibility of direct extension of the process into the articular space, which is believed to occur in about 30% of cases (18) . There are few reports of disease restricted to joints where the fungus may spread by lymphohematogenous dissemination (7, 18, 19) . In the present study, there was predominance of lesion in the appendicular skeleton observed in six out of the seven patients. The axial skeleton was involved in three individuals, two of them with concomitant appendicular involvement. The authors have also observed articular involvement in association with bone lesions in 42.85% of the patients and no case with isolated articular involvement.
A previous history of either blunt or open trauma preceding osteoarticular manifestations made the fungus dissemination easier in the phase of fungemia (7, 18, 23) , a phenomenon called locus minoris resistentiae (23) , which should not be interpreted as an agent inoculation factor.
It is admitted that most PCM bone lesions are asymptomatic (5, 7, 18, 19) , representing incidental findings at routine radiological investigations. In a 19-case series approaching osteoarticular PCM, Monsignore et al. (17) have identified symptoms in 12 patients, all of them with acute/subacute disease, suggesting a possible association between such a clinical presentation and the presence of symptoms. Articular lesions from PCM usually present exuberant signs represented by joint edema, local heat, redness and different degrees of functional loss (6, 7, 18, 19) . In the present series, the main CT finding of osteoarticular involvement by PCM was that of well-delimited osteolytic lesions (Figure 1) , ranging from few millimeters to some centimeters in size, which is compatible with data in the literature (3, 5, (17) (18) (19) . Differently from some studies in the literature (3, 5, 18) , the authors have identified the presence of fine reactive osteosclerosis in the margins of 72.22% (13/18) of the bone lesions (Figures 2 and 3) , and the mean time between the disease onset symptoms and the imaging study was 6.33 months (ranging between 3 and 12 months). Other authors have also identified marginal osteosclerosis in part of bone lesions (14, 17, 19, 23) . The authors of the present study assume that their results might be explained, at least partially by the utilization of sectional images and by the CT images high resolution, which may have provided higher sensitivity in the detection of subtle abnormalities as compared with other studies which utilized only plain radiography. In two cases of the present study, the authors found images suggestive of fractures in association with the osteolytic lesions (Figures 1 and 2) , another finding that has not been frequently described in association with osteoarticular PCM.
Some publications have described the presence of periosteal reaction associated with bone lesions in few cases (17, 19, 23) . In the present study, only one patient with periostitis associated with bone lesions was identified (Figure 1 ), corresponding to 11.11% (2/18) of the studied lesions. Bone abnormalities may eventually present cortical destruction and soft parts component mimicking bone neoplasms (24) . In the present study, such a finding was observed in 5.55% (1/18) of the lesions. The authors highlight the case of a child with a lesion in the intermediate cuneiform associated with an expansile mass with soft parts density (Figure 4 ). After contrast medium injection, the lesion showed heterogeneous, diffuse contrast-enhancement.
Studies in the literature highlight the high prevalence of lesions affecting distal clavicle extremities, sternum and ribs (3, (17) (18) (19) 21, 22) . As others (5, 17) , the authors raise the possibility of bias resulting from the routine use of chest radiography in the initial evaluation and follow-up of PCM. The radiological investigation of other regions is initially restricted to cases with specific symptoms. In the present se- Figure 1 . Male, 15-year-old adolescent with pain in the elbow for about 40 days. Elbow CT with bone window, axial section. An area of bone lysis is observed affecting the ulnar bone marrow in the olecranon process (white arrow), with signs of fracture (dark arrow), bone cortical thinning and rupture (arrowhead). ries, there was one patient with symmetrical involvement of the distal third of the clavicles and acromioclavicular joints ( Figure 5A ), a finding that is quite suggestive of the disease according to some authors (3, 18, 19) . The authors illustrate a case of bone sequestrum (Figure 5B) , corresponding to presence of devitalized bone tissue separated from its matrix during the necrotic process (25) , radiologically presenting as a radiodense, in some cases sclerotic image, surrounded by a radiolucent halo representing the gap in the original bone (25) . No other report of bone sequestrum associated with PCM was found in the literature.
In PCM, bone lesions may show an insufflative appearance ( Figure 5C ), particularly in cases where flat bones are involved (18, 19) . In the vertebral column, such lesions affect principally the vertebral bodies (Figure 3) , and may involve the pedicles and/or extend toward the disk cartilage with end plates erosion (18) . The radiological aspect of the articular involvement in PCM in the present group of patients was characterized by nonspecific alterations and is in conformity com other publications (17) (18) (19) . Imaging studies can demonstrate cartilage destruction, effusion and decreased articular space.
Once the treatment is started, the bone lesions present a slow and gradual change characterized by fibrosis and neoosteogenesis, with aspect of dense and gross trabeculae (5, 18, 19) . Opportunistic forms of PCM infection have been reported in cases of immunocompetent patients (26) , but few cases of association between PCM and HIV infection are reported in the literature (21, 26, 27) . Little is known about the incidence and clinical manifestations of the disease in this particular group of individuals (26) . The present series demonstrated one case of pasinus disease associated with PCM, with intranasal bone and maxillary sinus involvement in a HIV-positive patient. Bone involvement by PCM should be included in the differential diagnosis of osteolytic lesions, even in the absence of pulmonary compromise (5, 21, 24, 28) , particularly in cases of individuals living in endemic areas or with history of travel to any of such places. The disease may affect individuals at any age range, frequently presenting radiological aspects indistinguishable from other conditions including chronic osteomyelitis, tuberculosis, Langerhans cell histiocytosis, multiple myeloma, lymphoproliferative disorders and metastasis (5, (16) (17) (18) 21, 28, 29) . Equally, the articular involvement by PCM, because of its nonspecific nature, covers an extensive range of differential diagnoses, principally rheumatoid arthritis and its variants; infectious processes caused by a variety of microorganisms such as microbacteria and other fungi, sarcoidosis and, more rarely, malignant diseases such as metastatic carcinoma, lymphoma and leukemia (19) . In cases where systemic diagnosis of the disease was not considered or in cases of diagnostic uncertainty, percutaneous biopsy might be necessary to elucidate the diagnosis.
In the present series, the authors have observed that the majority of patients submitted to CT imaging were symptomatic, which represents a selection bias. Considering that screening imaging studies in general are not indicated to detect asymptomatic PCM, it is difficult to estimate the actual prevalence of such alterations in the population with this disease.
CONCLUSION
As far the authors are concerned, this is the first study dedicated to describe CT imaging findings of bone and articular lesions in PCM.
PCM should be included in the differential diagnosis of either single or multiple osteolytic lesions either in the axial or appendicular skeleton, even in patients with no previous diagnosis of pulmonary or visceral compromise. 
